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Abstract

Objective

Iran is located in a dry and semi-arid region, resulting in low organic matter content in its soils
and, consequently, low nitrogen availability. Most plants in these areas experience nitrogen
deficiency, necessitating nitrogen supplementation through chemical or organic fertilizers. This
study aimed to investigate the effects of a urea fertilizer regime on the differential expression of
the nitrate reductase gene and morphological traits in two wheat genotypes.

Materials and Methods

A factorial experiment was conducted using a randomized complete block design with four
replications at the research farm of Alou University of Agriculture and Natural Resources,
Gorgan. The experimental treatments consisted of a factorial combination of two wheat genotypes
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(Morvarid and N8019 line) and two urea fertilizer regimes: (1) 150 kg per hectare, applied in
three doses (50 kg at planting and 100 kg at the stem elongation stage), and (2) a control (no
fertilizer). Root tissues were collected at three time points: one day and seven days after fertilizer
application, and at the physiological maturity stage. Nitrate reductase gene expression was
measured using the gRT-PCR technique.

Results

Urea fertilizer significantly influenced stem length, spike length, number of spikes, and number
of seeds per spike, with all these traits increasing under fertilizer treatment. In the Morvarid
genotype, nitrate reductase gene expression increased at all three sampling stages when treated
with urea fertilizer compared to the control, with the highest increase observed one day after
fertilizer application. In contrast, in the N8019 line, gene expression increased at the first sampling
stage but declined in the subsequent stages.

Conclusions

The results indicate a significant difference in nitrate reductase gene expression between the two

wheat genotypes in response to urea application. Urea fertilizer improved all measured agronomic

traits except seed weight. The increase in seed yield was attributed to a higher number of seeds

per spike. Over time, nitrate accumulation within the plant increased during the later sampling

stages.
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Introduction

Nitrogen deficiency has long been a major limiting factor in agricultural production,
particularly in arid and semi-arid regions. Soils in these regions, including Iran, typically have
low organic matter content, leading to insufficient nitrogen availability. This deficiency
significantly affects plant growth and yield, necessitating the application of chemical and organic
fertilizers to meet crop nitrogen demands. However, excessive use of chemical fertilizers can
contribute to environmental pollution and degrade the quality of agricultural products. Therefore,
understanding the mechanisms of nitrogen uptake and metabolism in plants, as well as optimizing
fertilizer use, is essential for sustainable agricultural practices. The nitrate reductase (NR) gene
plays a crucial role in the reduction of nitrate to nitrite, a key step in nitrogen assimilation in
plants. The expression of this gene is influenced by several factors, including nitrogen availability
and plant genotype. Given the fundamental role of nitrogen in plant nutrition and growth, and the
specific importance of the NR gene in nitrogen metabolism, this study aims to examine the effects
of different urea fertilizer regimens on the differential expression of the NR gene and
morphological traits in two wheat genotypes: the Morvarid variety and the N8019 line. The
primary objective of this research is to identify the genetic and physiological responses of these
two wheat genotypes to different levels of urea fertilizer. Specifically, the study investigates how
urea application influences wheat yield components, such as the number of grains per spike, grain
weight, and other agronomic traits. Additionally, this research seeks to determine whether
different urea fertilizer regimens can differentially affect NR gene expression in the two wheat
genotypes, potentially leading to significant variations in morphological traits and overall plant
yield. By addressing these questions, this study aims to optimize nitrogen fertilizer management
strategies and identify genotypes with improved nitrogen use efficiency. The findings will
contribute to a deeper understanding of nitrogen metabolism in plants and provide insights into

improving wheat productivity through better fertilizer application practices.

Materials and Methods

This study was conducted as a factorial experiment using a randomized complete block
design (RCBD) with four replications at the research farm of Gorgan University of Agricultural
Sciences and Natural Resources. The experimental treatments consisted of a factorial combination
of two wheat genotypes (Morvarid and N8019) and two urea fertilizer regimens: (1) 150 kg/ha,
applied as 50 kg at planting and 100 kg at the tillering stage, and (2) a control (no fertilizer). Root
tissue sampling was performed at three time points: one day and seven days after fertilizer
application, and at physiological maturity. The samples were immediately placed in aluminum

foil, frozen in liquid nitrogen, and stored at —80°C until further processing. The frozen samples
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were ground in liquid nitrogen and used for RNA extraction, which was carried out using the
Trizol reagent method. Nitrate reductase gene expression was quantified using the qRT-PCR
technique. In addition, morphological traits including stem length, spike length, number of
spikelets per spike, number of seeds per spike, and seed weight were evaluated. The collected

data were analyzed using appropriate statistical software to assess treatment effects.

Results

The results indicated that urea fertilizer had a significant effect on stem length, spike length,
number of spikelets per spike, and number of grains per spike. In general, plants treated with urea
fertilizer exhibited an increase in these traits compared to the control. Analysis of nitrate reductase
(NR) gene expression revealed that in the Morvarid genotype, NR gene expression increased at
all three sampling stages following urea fertilizer application, with the highest expression
observed one day after fertilization. In contrast, in the N8019 line, NR gene expression increased
only at the first sampling stage but declined in the subsequent stages.

Conclusions

This study examined the effect of urea fertilizer on nitrate reductase (NR) gene expression
in wheat and revealed genotype-dependent variations in response to nitrogen application. The
results demonstrated a significant increase in NR gene expression in the Morvarid genotype,
particularly one day after fertilization, suggesting a rapid response to nitrogen availability that
may enhance metabolic processes and ultimately improve yield. Conversely, in the N8019 line,
NR gene expression increased only in the early stages but declined later, potentially due to
differences in gene regulation or nitrogen uptake efficiency. Urea fertilizer application positively
influenced all agronomic traits, except grain weight, which is likely influenced by additional
genetic and environmental factors. The increase in grain yield was primarily attributed to a higher
number of grains per spike, emphasizing the critical role of optimal nitrogen use in enhancing
wheat productivity. Additionally, nitrate accumulation in later sampling stages suggests efficient
nitrogen uptake and retention, which could serve as an indicator of plant health and nitrogen
utilization capacity. These findings contribute to strategies for optimizing nitrogen fertilizer use
and improving nitrogen use efficiency (NUE) under nitrogen-deficient soil conditions. Identifying
and selecting genotypes with superior nitrogen uptake and metabolism could have significant
implications for wheat breeding programs, aiding in the development of varieties with enhanced
nitrogen efficiency. Such advancements can play a crucial role in addressing food security
challenges and promoting sustainable agriculture. Future research should further investigate the

molecular mechanisms regulating NR gene expression in response to nitrogen and explore
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molecular markers associated with nitrogen use efficiency. This knowledge could support plant
breeding efforts and guide the development of more efficient fertilizer management strategies

under diverse agronomic conditions.
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Table 2. Variance analysis of investigated traits factorially in the form of randomized

complete block design
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Figure 2. Changes in stem length in two cultivars, morvarid and N8019

14

= P
o N

(0 o) Jsb
Spike length (cm)

o N B OO @
—

150kg Okg
(S )3 p )5 glS )il 368" Zolans

Nitrogen fertilizer levels (kg/ha)
Morvarid = N8019
N8019 g s lg 0 3, 9 yd aiw Job Ol puts Y JSG

Figure 3. Spike length changes in two cultivars, morvarid and N8019
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Figure 4. Changes in the number of spikelets in two cultivars, morvarid and N8019
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Figure 5 . Changes in the number of seeds per spike in two cultivars, morvarid and N8019
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Figure 6. Changes in the weight of 1000 seeds in two cultivars, morvarid and N8019
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Figure 7. Changes in dry weight of aerial parts in two cultivars, morvarid and N8019
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Figure 8. Root length changes in two cultivars of morvarid and line N8019
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Figure 9. The trend of nitrate reductase gene expression changes in the pearl variety treated

with 150 kg of urea fertilizer at the stemming stage compared to the morvarid variety

without urea fertilizer (control). The first stage: one day after the fertilizer, the second stage:

seven days after the fertilizer, the third stage: physiological treatment
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Figure 10. The trend of nitrate reductase gene expression changes in N8019 line treated with

150 kg of urea fertilizer at the stemming stage compared to the morvarid variety without

urea fertilizer (control). The first stage: one day after the vinegar fertilizer, the second stage:

seven days after the vinegar fertilizer, the third stage: physiological treatment
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Figure 11. Changes in the expression of the NR gene in the morvarid variety compared to

the N8019 line in the condition of adding 150 kg of urea fertilizer
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Figure 12. The trend of NR gene expression changes in morvarid variety compared to N8019
line without adding urea fertilizer
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